expressed by various leukocyte subsets, including granulocytes (neutrophils and eosinophils), monocytes, macrophages, DC, differentiated T cells (Th1, Th2, Th17, and effector CD8 + T cells), mast cells, and osteoclasts (10). As shown by previous reports, the LTB 4 -BLT1 axis regulates inflammatory and immunological responses such as peritonitis (11), bronchial asthma (12, 13), delayed-type hypersensitivity (14), arthritis (15), atherosclerosis (16, 17) , multiple sclerosis (18), psoriasis (19), and obesity-associated insulin resistance (20) .
Introduction
Age-related macular degeneration (AMD) is a chronic disease of the eye that is a leading cause of irreversible blindness in people over 50 years of age. AMD, which affects nearly 40 million individuals worldwide (1) , is caused by deterioration of the retina, including the macula, which contains neuronal cells, photoreceptors, and retinal pigment epithelium (RPE) cells. AMD is classified as either wet type (also called neovascular or exudative) or dry type (also called geographic atrophy). Wet AMD is characterized by degeneration of the macula, accompanied by fluid leakage from choroidal neovessels that have invaded the retina. The lesion is infiltrated by immune cells such as macrophages, DC, microglial cells, and T cells (e.g., NKT and γδT cells) (2) (3) (4) . The main treatments for wet AMD are agents that inhibit VEGF; however, such agents frequently require repeated intravitreal injection (IVI), which can cause infectious endophathalmitis, intraocular inflammation, and ocular hemorrhage (5) .
Leukotriene B 4 receptor 1 (BLT1) is a G protein-coupled receptor (6) for a chemotactic eicosanoid, Leukotriene B 4 (LTB 4 ) (7, 8) , which is generated from arachidonic acid by 5-lipoxygenase (5-LO), 5-lipoxygenease-activating protein (FLAP), and LTA 4 hydrolase (LTA 4 H) (9) (Supplemental Figure 1 ; supplemental material available online with this article; https://doi.org/10.1172/jci.insight.96902DS1). BLT1 is Age-related macular degeneration (AMD), a progressive chronic disease of the central retina, is associated with aging and is a leading cause of blindness worldwide. Here, we demonstrate that leukotriene B 4 (LTB 4 ) receptor 1 (BLT1) promotes laser-induced choroidal neovascularization (CNV) in a mouse model for wet-type AMD. CNV was significantly less in BLT1-deficient (BLT1-KO) mice compared with BLT1-WT controls. Expression of several proangiogenic and profibrotic factors was lower in BLT1-KO eyes than in BLT1-WT eyes. LTB 4 production in the eyes was substantially increased in the early phase after laser injury. BLT1 was highly expressed in M2 macrophages in vitro and in vivo, and ocular BLT1 + M2 macrophages were increased in the aged eyes after laser injury. Furthermore, M2 macrophages were rapidly attracted by LTB 4 and subsequently produced VEGF-A-through BLT1-mediated signaling. Consequently, intravitreal injection of M2 macrophages augmented CNV formation, which was attenuated by BLT1 deficiency. Thus, laserinduced injury to the retina triggered LTB 4 production and attracted M2 macrophages via BLT1, leading to development of CNV. A selective BLT1 antagonist (CP105696) and 3 LTB 4 inhibitors (zileuton, MK-886, and bestatin) reduced CNV in a dose-dependent manner. CP105696 also inhibited the accumulation of BLT1 + M2 macrophages in the laser-injured eyes of aged mice. Together, these results indicate that the LTB 4 -BLT1 axis is a potentially novel therapeutic target for CNV of wet-type AMD.
Results
BLT1 deficiency ameliorates progression of CNV in a mouse model of AMD. Recent reports showed that LTB 4 -BLT1 signaling promotes several chronic diseases including fibrosis (54) , insulin resistance (55) , tumorigenesis (56) ; however, its role in chronic eye diseases has been poorly understood. To examine the pathological role of BLT1 in the eye in vivo, we performed retinal laser photocoagulation to induce wet AMD (57) in BLT1-WT and BLT1-deficient (BLT1-KO) mice (13) of various ages. BLT1-WT mice showed an age-dependent increase in CNV volume ( Figure 1A , upper panels). Surprisingly, aging did not affect CNV development in BLT1-KO mice, and the volume of CNV was much smaller in old BLT1-KO mice than in old BLT1-WT mice ( Figure 1A , lower panels). The CNV volume in BLT1-WT mice increased in an age-dependent manner (average volume in young mice, 3.1 × 10 5 μm 3 ; middle-aged mice, 5.4 × 10 5 μm 3 ; and old mice, 7.2 × 10 5 μm 3 ); this was not the case in BLT1-KO mice on day 7 after injury (young mice, 2.6 × 10 5 μm 3 ; middle-aged mice, 2.3 × 10 5 μm 3 ; and old mice, 3.2 × 10 5 μm 3 ) ( Figure 1B ). We also observed that the size of the laser-induced lesion in old BLT1-KO mice was smaller than that in old BLT1-WT mice; however, the overall retinal structure was the same in both groups ( Figure 1C ). We also confirmed that BLT1-KO mice had smaller lesion areas than those of BLT1-WT mice in aged eyes (average area in BLT1-WT mice, 3.0 × 10 4 μm 2 ; BLT1-KO mice, 1.3 × 10 4 μm 2 ) ( Figure 1D ). In wet AMD, pathological angiogenesis is critically involved in CNV development and accelerates subretinal fibrosis by increasing various cytokines and chemokines (2, 58, 59) . Consistently, expression of mRNA encoding proangiogenic growth factors Vegfa, Pdgfb, and Fgf2 in laser-injured BLT1-KO eyes was approximately half as much as in BLT1-WT eyes on day 7 after laser injury in old mice (Figure 2A , upper panels). The amounts of mRNA encoding inflammatory cytokines (Il1b and Tnf), endothelial cell markers (Tek, also known as Tie2, and Vwf), and the profibrotic factors Tgfb1, Pdgfb, and Fgf2 (59) were lower in laser-treated BLT1-KO eyes. However, expression of mRNA encoding the chemokines Ccl3 (Figure 2A , middle and lower panels) and Ccl2 (data not shown), both of which were reported to play a role in AMD pathogenesis (60, 61) , was not significantly different between the BLT1-KO and BLT-WT groups. We previously cloned a low-affinity LTB 4 receptor, BLT2 (62, 63) , which is involved in colitis (64), epidermal wound healing (65) , and acute lung injury (66) , and we examined the effect of BLT2 deficiency in the same AMD model (Supplemental Figure 2 ). We found that BLT2 was not involved in AMD because the CNV volume in BLT2-KO mice was comparable with that in their WT (BLT2-WT) littermates (BLT2-WT mice, 4.4 × 10 5 μm 3 ; BLT2-KO mice, 3.4 × 10 5 μm 3 ) (Supplemental Figure 2B ). Next, we performed the simultaneous quantification of 52 eicosanoids in laser-injured mouse eyes using a liquid chromatography-mass spectrometry (LC-MS/MS) ( Figure 2 and Supplemental Figure 3 ). On days 1 and 3 after laser injury, the amount of LTB 4 ( Figure 2B ) and 5-hydroxyeicosatetraenoic acid (5-HETE) (Supplemental Figure 3A ) in the eyes markedly increased both in young and old mice. These results are consistent with the previous studies showing that various leukotrienes, including LTB 4 , were produced from the retinal glial cells, retinal endothelial cells, and RPE in the pathogenesis of inflammatory eye diseases at early phase (67, 68) . Taken together, these results suggest that LTB 4 -BLT1 signaling is critical for progression of laser-induced CNV.
BLT1 is expressed by macrophages and is involved in CNV development. As BLT1 is highly expressed in various subsets of leukocytes, we speculated that BLT1 expressed in retinal leukocytes is responsible for CNV. Previous studies showed that retinal leukocytes were reconstituted with donor leukocytes by BM transplantation (69) (70) (71) (72) (73) . To examine whether BLT1-expressing leukocytes play a role in laser-induced CNV, we implanted BLT1-WT or BLT1-KO BM cells from aging donors into lethally irradiated WT mice from aging recipients to generate BM chimeric mice and then examined CNV volume ( Figure 3 , A and B). We confirmed that more than 90% of BM cells and peripheral blood leukocytes (PBL) of the CD45.2 + recipients (C57BL/6J-Ly5.2 mice) were donor-derived CD45.1 + cells from a congenic strain (C57BL/6-Ly5.1 mice) (Supplemental . These results showed that the efficiency of BM transplantation is independent of the age of donors or recipients (Supplemental Figure 4 , C and D). The volume of CNV in BLT1-KO chimeras was significantly smaller than that in BLT1-WT chimeras (BLT1-WT BM into WT, 10.3 × 10 5 μm 3 ; BLT1-KO BM into WT, 6.8 × 10 5 μm 3 ) ( Figure 3B ). We further analyzed the numbers and the percentages of leukocyte populations in the eyes by FACS analysis (Figure 3 , C and D). CD45 + total leukocytes and CD11b hi F4/80 -Ly6G hi neutrophils peaked at day 1, but CD11b hi F4/80 -Ly6C hi inflammatory monocytes and CD11b hi F4/80 hi macrophages peaked at day 3 after laser injury in the eyes of aged WT mice. Consistent with the previous studies, we found that BLT1 is abundantly expressed in CD11b hi F4/80 -Ly6G hi neutrophils and CD11b hi F4/80 hi macrophages in the laser-injured eyes (data not shown). We further observed that BLT1 + macrophages infiltrated the periphery of the laser-injured area in the RPE-choroid in aged mice on day 5 after laser injury ( Figure 3E , upper panels) but not in young mice ( Figure 3E , lower panels). To determine whether BLT1 + macrophages contribute to the development of CNV, we next depleted macrophages by IVI of clodronate liposomes ( Figure 4 and Supplemental Figure 5 ) as previously described (74) . IVI of clodronate liposomes significantly reduced F4/80 + macrophages in the RPE-choroid compared with control liposomes (Supplemental Figure 5C ) but did not affect the number of DAPI + cells (Supplemental Figure  5D ). Macrophage depletion reduced CNV volume in BLT1-WT mice (control, 13.5 × 10 5 μm 3 ; clodronate, 2.6 × 10 5 μm 3 ) to levels observed in BLT1-KO mice (control, 2.5 × 10 5 μm 3 ; clodronate, 1.1 × 10 5 μm 3 ) (Figure 4B ). Taken together, these results suggest that BLT1 + macrophages exacerbate laser-induced CNV.
BLT1 is expressed in M2 macrophages in vitro and in vivo. Recent studies have been shown that macrophages are skewed toward proangiogenic phenotype in the injured tissue or the tumor microenvironment (36, 39, 44, 48, 53, 75) . Next, we examined BLT1 expression in M1 and M2 macrophages using BM-derived macrophages (BMDMs) ( Figure 5 Figure 6 , B-G) or an M1 specific marker, iNOS (Nos2) (Supplemental Figure 6H ). Consistent with these results, M2-polarization induced BLT1 expression in both RAW264.7 and THP-1 cells, and M1-or M0-polarization did not ( Figure 5 , C and D, left panels). Expression of PD-L2 and CD80 proteins also confirmed the proper M2 and M1 polarization, respectively ( Figure 5 , C and D, middle and right panels). In addition, we analyzed the number and percentage of M2 macrophages by FACS analysis (Figure 5 , E-H). The absolute number of CD206 + M2 macrophages peaked at day 3 after laser injury ( Figure 5E ), but the percentage of CD206 + M2 macrophages in CD45 + total leukocytes ( Figure 5F ) or in CD11b hi F4/80 hi total macrophages ( Figure 5G ) peaked at day 5 in the eyes of aged WT mice. The percentage of BLT1 + CD206 + M2 macrophages was significantly higher during days 1-5 after laser injury in aged mice ( Figure 5H ). We also found that ocular-infiltrating BLT1 + macrophages expressed high levels of several M2 markers (CD206, CD301, and PD-L2) on day 5 after laser injury ( Figure 5I ). Interestingly, the expression levels of the M2 markers on BLT1 + macrophages were slightly higher than those on BLT1macrophages ( Figure 5I , lower panels). To note, we found that BLT1 expression ( Figure 5 , J and K) in aged mice were higher than those in young mice in the ocular-infiltrating CD206 + M2 macrophages on day 3 after laser injury. These results suggest that the infiltration of ocular M2 macrophages is accelerated by age-dependent upregulation of BLT1.
The LTB 4 -BLT1 axis upregulates recruitment of M2 macrophages and subsequent VEGF-A production. Although some molecules and signaling pathways have been implicated in the activation of M2 macrophages, the cellular and molecular mechanism is not fully elucidated. In general, BLT1 mediates LTB 4 -induced calcium mobilization, chemotaxis, and inhibition of adenyl cyclase through the activation of Gq and Gi proteins (76) . To determine whether M2 macrophages express functional BLT1 in vitro, we performed calcium mobilization ( Figure 6A ) and chemotaxis ( Figure 6 , B-D, and Supplemental Videos 1 and 2) assays. M2-polarized, but not M1-or M0-polarized, RAW264.7 cells exhibited increased intracellular calcium mobilization upon LTB 4 stimulation ( Figure 6A ) and migrated along an increasing LTB 4 concentration gradient ( Figure 6B and Supplemental Videos 1 and 2). The M2-RAW264.7 cells significantly responded to LTB 4 with a velocity and directionality of 3.29 unit s -1 and 0.88, respectively ( Figure 6 , C and D). We next analyzed the expression levels of VEGF-A mRNA ( Figure 7A ) and protein ( Figure 7B ) in M2 BMDMs from BLT1-WT and BLT1-KO mice. Stimulation of LTB 4 significantly induced VEGF-A mRNA and protein expression in M2 BMDMs from BLT1-WT but not in BLT1-KO M2 BMDMs. Thus, LTB 4 -BLT1 signal is important for activation of M2 macrophages.
M2 macrophages promote BLT1-mediated development of CNV. Recent findings have experimentally confirmed that adoptive transferred M2 macrophages develop CNV by stimulating an abnormal angiogenesis (52, (77) (78) (79) . To clarify whether BLT1 + M2 macrophages exacerbate CNV, we adoptively transferred M0, M1, and M2 macrophages from BLT1-WT or BLT1-KO mice into laser-injured WT mice (Figure 8 ). Adoptive transfer of BLT1-WT M2-BMDMs resulted in marked CNV formation when compared with transfer of BLT1-KO M2-BMDMs (BLT1-WT M2 into WT, 10.5 × 10 5 μm 3 ; BLT1-KO M2 into WT, 4.4 × 10 5 μm 3 ); adoptive transfer of M0-and M1-BMDMs has little effect on CNV formation (BLT1-WT M0, 2.9 × 10 5 μm 3 ; BLT1-KO M0, 2.1 × 10 5 μm 3 ; BLT1-WT M1, 2.7 × 10 5 μm 3 ; BLT1-KO M1, 1.6 × 10 5 μm 3 ) ( Figure 8, A and B) . Histological analysis revealed that BLT1-WT M2-injected eyes developed more robust neovascularization in retinal and choroidal tissues than BLT1-KO M2-injected eyes (BLT1-WT M2 into WT, 2.8 × 10 4 μm 2 ; BLT1-KO M2 into WT, 1.0 × 10 4 μm 2 ) ( Figure 8, C and D) . Thus, expression of BLT1 is required for M2-induced CNV.
Pharmacological inhibition of LTB 4 To investigate whether blockade of LTB 4 -BLT1 signaling (Supplemental Figure 1 ) (9, 83, 84) attenuates CNV, we treated mice by IVI of CP105696, prior to laser-induced injury ( Figure 9 , A and C, upper panels). We also tested the effects of 3 inhibitors of LTB 4 -producing enzymes: zileuton, a specific inhibitor of 5-LO; MK-886, a specific inhibitor of FLAP; and bestatin, an inhibitor of LTA 4 H ( Figure 9A , lower panels, and Figure 9C , middle and lower panels). CP105696 caused a dose-dependent reduction in CNV volume (DMSO, 6.6 × 10 5 μm 3 ; CP105696, 0.2 pmol [3.5 × 10 5 μm 3 ], 2 pmol [2.0 × 10 5 μm 3 ], 20 pmol [1.0 × 10 5 μm 3 ]) ( Figure 9B ) and in CNV lesion area (DMSO, 3.5 × 10 4 μm 2 ; CP105696, 20 pmol [1.6 × 10 4 μm 2 ]) ( Figure 9D ). The CNV development was also inhibited by treatment with zileuton, MK-886, or bestatin (CNV volume: zileuton, 2.8 × 10 5 μm 3 ; MK-886, 2.8 × 10 5 μm 3 ; bestatin, 1.9 × 10 5 μm 3 ) (CNV lesion area: zileuton, 1.3 × 10 4 μm 2 ; MK-886, 1.8 × 10 4 μm 2 ; bestatin, 1.4 × 10 4 μm 2 ) ( Figure 9 , B and D). Moreover, we confirmed that CP105696 suppressed the infiltration of CD206 + M2 macrophages and BLT1 + CD206 + M2 macrophages (Figure 9 , E and F).
Given that some of these drugs are orally available, the LTB 4 -BLT1 axis may become a novel therapeutic target for laser-induced CNV.
Discussion
Here, we demonstrate that the volume of CNV in BLT1-WT mice, but not in BLT1-KO mice, increased in an age-dependent manner (Figure 1) . A high-affinity LTB 4 receptor, BLT1, which was expressed in ocular-infiltrating macrophages ( Figure 3E ) was responsible for CNV ( Figure 4 and 8) . On the other hands, a low-affinity LTB 4 receptor, BLT2, which is ubiquitously expressed in human and mouse tissues (85) including cornea and conjunctiva (86), was not involved in laser injury-induced CNV because there was no significant difference in CNV volume and histology between BLT2-WT and BLT2-KO mice (Supplemental Figure 2 ). As we reported recently, M2-type macrophages are important for the development of CNV after laser injury (53) ; here, we also demonstrate that ocular-infiltrating M2 macrophages contributed to CNV development via LTB 4 -BLT1 signaling pathway. Indeed, laser-induced injury increased the amount of LTB 4 in the eyes ( Figure 2B ), which then attracted BLT1 + M2 macrophages to the injured mouse retina ( Figure 5 , E-K). We also found that BLT1 was only induced during M2 polarization of primary mouse macrophages ( Figure 5, A and B ) and mouse ( Figure 5C ) or human ( Figure 5D ) macrophage cell lines. Preliminary experiments with a STAT3 selective inhibitor suggest that, of these, the IL-10/JAK1/STAT3 signaling pathway is likely critical for induction of BLT1 expression (Supplemental Figure 7) . Recent studies show that expression of IL-10 and M2 markers (e.g., CD163 and Arginase-1), but not M1 markers (e.g., IL-6 and TNF-α), is increased in senescent macrophages, thereby promoting CNV development (51, 52) . Therefore, we expected that BLT1 expression is also increased in senescent M2 macrophages in the eyes of older mice. We actually found that the BLT1 expression of M2 macrophages in the older eyes was higher than that in the younger eyes after induction of laser injury ( Figure 5, J and K) . The elevated BLT1 could accelerate LTB 4 -dependent recruitment of M2 macrophages to CNV lesions, leading to the production of various proangiogenic factors, including VEGF-A through the activation of BLT1 (Figure 7 ). Such chain of events would also promote human CNV in wet AMD.
The findings presented herein might contribute to the development of novel anti-AMD drugs (Figure 9) . Although anti-VEGF agents (e.g., ranibizumab and bevacizumab) are clinically and commercially available for wet AMD (87), several clinical trials have examined new therapeutic agents that targeting components of the VEGF (e.g., VEGF receptor tyrosine kinases) or other signaling pathways (e.g., PDGF) (88) . To date, the LTB 4 -BLT1 axis has not been examined in AMD. We speculate that agents that target the LTB 4 -BLT1 axis might become useful treatment options for human patients with severe wet AMD. In fact, we examined the BLT1 expression in the diabetic human donor eyes (early progressive diabetic retinopathy, age 55, female) compared with nondiabetic human donor eyes (car accident, age 13, male) (data not shown). We found that BLT1 + cells infiltrated into the periphery of the macular drusen, a common early sign of AMD, and choroidal capillaries in the RPE-choroid of diabetic human eyes but not in nondiabetic human eyes. Recent studies show that infiltrated macrophages exhibit M2-phenotype, which accelerate neovascularization to promote tissue repair in the injured retina of retinopathy (38, 79, 89, 90) . Hence, the BLT1 may be a promising therapeutic target for CNV of several diseases, including wet AMD. The 5-LO inhibitor zileuton is clinically used as an antiasthmatic drug worldwide (83) , and the LTA 4 H inhibitor Ubenimex (bestatin) is a chemotherapy agent in Japan (84) , with known safety profiles in both cases. This allows their potential off-label use as therapeutic agents for wet AMD, thereby ensuring patient safety. In contrast, MK-886 and CP105696 are not used clinically; thus, more effective and safe inhibitors of FLAP, and antagonists of BLT1, are required. In conclusion, LTB 4 was found to be a key mediator that attracted M2 macrophages to the laser-injured retinas via BLT1, thereby increasing the severity of CNV. Antagonists of BLT1 or inhibitors of LTB 4 biosynthesis may become novel therapeutic agents to inhibit CNV of wet AMD. 
Methods
Animals. BLT1-KO and BLT2-KO mice were generated as previously described (13, 64) and then backcrossed with C57BL/6J mice for more than 12 generations. Aged WT mice (C57BL/6J > 20 weeks old) were purchased from Japan SLC or Kyudo. All mice were maintained in a filtered-air laminar-flow enclosure in a specific pathogen-free facility and given standard laboratory food and water.
Reagents. The selective BLT1 antagonist, CP105696, was from Pfizer. zileuton (a 5-LO inhibitor), MK-886 sodium salt hydrate (a FLAP inhibitor), and bestatin hydrochloride (an inhibitor of aminopeptidases, including LTA 4 H) were obtained from MilliporeSigma. LTB 4 was purchased from Cayman Chemical. Unless otherwise noted, all Abs and cytokines were purchased from BioLegend and Peprotech, respectively.
Laser-induced wet AMD model. Mice were anesthetized by i.p. injection of ketamine (100 mg/kg) and xylazine (10 mg/kg), and the pupils were dilated by application of 0.2% tropicamide and 1% phenylephrine hydrochloride (Santen Pharmaceutical Co.). Using a 532-nm laser, a slit-lamp delivery system, and a slide glass as a contact lens, 4 spots (laser power, 200 mW; exposure time, 100 ms; hole size, 75 μm) were placed into each eye. After laser-induced injury and prior to administration of antagonists/inhibitors, the eyes were subjected to IVI of CP105696 (0.2-20 pmol), zileuton (20 pmol), MK-886 (20 pmol), bestatin (20 pmol), or DMSO (vehicle, 0.1%). The volume of the CNV lesions was measured in choroidal flat mounts on day 7 after injury. The anterior segment and retina were removed from the eyecup after fixation in 4% paraformaldehyde in PBS (Wako). The remaining RPE-choroid complex was dehydrated in methanol and stained with 7 μg/ml fluorescein-labeled iB 4 (derived from Griffonia Simplicifolia Lectin I) (Vector Laboratories). After relaxing radial incisions, this complex was flat mounted using mounting medium (Thermo Fisher Scientific) and coverslips. Z-stack images were obtained using a confocal microscope (A1R + ; Nikon), and the CNV volume was analyzed on reconstructed 3-dimensional images using NIS-Elements (Nikon).
Polarization of M1 and M2 macrophages. BM cells in the femur and tibia were collected from BLT1-WT and BLT1-KO mice (>20 weeks old) and further differentiated in RPMI 1640 (Wako) supplemented with 10% FCS, 100 U/ml penicillin, and 100 μg/ml streptomycin (P/S) (Nacalai) into BMDMs by treatment with 50 ng/ml M-CSF for 3 days. RAW264.7 (a subclone from clone TIB-71) (ATCC) and THP-1 (clone TIB-202) (ATCC) cell lines were maintained in RPMI 1640 supplemented with 10% FCS and P/S. BMDMs and RAW264.7 cells were polarized by exposure to 2 ng/ml mouse IFN-γ and 0.1 μg/ml LPS (MilliporeSigma) (M1) or 20 ng/ml IL-4, IL-10, and IL-13 (from mouse) and 2 ng/ml human TGF-β1 (R&D Systems) (M2) during 48 hours. THP-1 cells were stimulated with 150 nM PMA for 24 hours and then polarized with 2 ng/ml human IFN-γ and 0.1 μg/ml LPS (M1) or 20 ng/ml IL-4, IL-10, and IL-13 (from human) and 2 ng/ml human TGF-β1 (M2) during 48 hours. M0 macrophages were generated by culture in medium without cytokines. All cells were cultured under standard conditions at 37°C and 5% CO 2 in a humidified atmosphere.
H&E staining. Eyes were removed, soaked in 10% buffered formalin solution, embedded in paraffin, sliced (10-μm thickness) using a microtone, and stained with H&E. Images were acquired under a light microscope (BZ-9000; Keyence) and quantified the CNV lesion area using Image J (NIH).
Quantitative PCR (qPCR). Eyecups (the remaining retina, choroid, and RPE from 1-2 eyes) and M0-, M1-, or M2-polarized BMDMs were prepared from BLT1-WT and BLT1-KO mice. For VEGF-A mRNA expression analysis, M2 BMDMs were stimulated with 500 nM LTB 4 or ethanol (as a vehicle control) for 0.5 hours. All samples were treated with TRIzol reagent (Thermo Fisher Scientific) to isolate RNA, according to the manufacturer's instructions. cDNA was synthesized from total RNA with reverse transcriptase and an optimized blend of oligo-dTs and random primers using an QuantiTect Reverse Transcription kit (Qiagen) or qPCR RT Master Mix (Toyobo). Target genes were amplified using a real-time PCR System (Thermo Fisher Scientific), DNA polymerase, SYBR Green I Dye (Thermo Fisher Scientific), and specific primers. Gene expression was normalized to 18S rRNA (Rn18s) using the ΔΔCT method. The sequences of the primers are as follows: Vegfa: forward, 5′-actggaccctggctttactg-3′, and reverse, 5′-tctgctctccttctgtcgtg-3′; Rn18s: forward, 5′-gcaattattccccatgaacg-3′, and reverse, 5′-gggacttaatcaacgcaagc-3′; Pdgfb: forward, 5′-cggcctgtgactagaagtcc-3′, and reverse, 5′-gagcttgaggcgtcttgg-3′; Fgf2: forward, 5′-cggctctactgcaagaacg-3′, and reverse, 5′-tgcttggagttgtagtttgacg-3′; Il1b: forward, 5′-tgtaatgaaagacggcacacc-3′, and reverse, 5′-tcttctttgggtattgcttgg-3′; Tnf: forward, 5′-tcttctcattcctgcttgtgg-3′, and reverse, 5′-ggtctgggccatagaactga-3′; Tek: forward, 5′-cataggaggaaacctgttcacc-3′, and reverse, 5′-gcccccacttctgagctt-3′; Vwf: forward, 5′-ccaaggagggtctgcaact-3′, and reverse, 5′-aaaggaagactctggcaagcta-3′; Tgfb1: forward, 5′-tggagcaacatgtggaactc-3′, and reverse, 5′-cagcagccggttaccaag-3′; Ccl3: forward, 5′-tgcccttgctgttcttctct-3′, and reverse, 5′-gtggaatcttccggctgtag-3′; and Ltb4r1: forward, 5′-ctcggaggtgtccagcac-3′, and reverse, 5′-gacaggcaggtgtgtccttc-3′.
LC-MS analysis. Eyecups isolated from 5-6 eyes were frozen immediately in liquid nitrogen and stored at -80°C. Samples were homogenized in a tissue disrupter (Automill), and lipids were extracted by incubation in methanol overnight at -20°C followed by centrifuged at 5,000 g for 5 minutes at 4°C. Supernatants were then mixed with 9 volumes of 0.1% formic acid in water, which included deuterium-labeled internal standards (Cayman Chemical). Diluted samples were loaded onto a solid-phase extraction cartridge (Waters) and washed serially with 0.1% formic acid in water, 15% methanol and 0.1% formic acid in water, 0.1% formic acid in water, and petroleum ether. After drying the cartridge, eicosanoids were eluted by centrifugation with 200 μl of 0.1% formic acid in methanol. For reverse phase-HPLC-MS/MS, a Shimadzu liquid chromatography system consisting of four LC-20AD pumps, a SIL-20AC autosampler, a CTO-20AC column oven, a FCV-12AH six-port switching valve, and a TSQ Quantum Ultra triple quadrupole mass spectrometer equipped with an electrospray ionization (ESI) ion source (Thermo Fisher Scientific) were used (91, 92) . An aliquot of each sample (50 μl) was injected into the trap column, an Opti-Guard Mini C18 (Optimize Technologies), at a total flow rate of 500 μl/min. Three minutes after sample injection, the valve was switched to introduce the trapped sample to the analytical column, a Capcell Pak C18 MGS3 (Shiseido). Separation of lipids was achieved by a linear gradient using water and acetonitrile containing 0.1% formic acid. The total flow rate was 120 μl/min, the column temperature was set at 46°C, and the LC column eluent was introduced directly into a TSQ Quantum Ultra. All compounds were analyzed in a negative ion polarity mode. Eicosanoids were quantified by multiple reaction monitoring (MRM were generated for each target eicosanoid using known reference standards and the same isotope-labeled internal standard. Automated peak detection, calibration, and calculation were carried out by the Xcalibur 1.2 software package (Thermo Fisher Scientific).
BM transplantation. BM cells were collected from the both femurs and tibiae of donor BLT1-WT and BLT1-KO (>20 weeks old) and 1 × 10 7 cells were i.v. injected into lethally irradiated (10 Gy X-rays) male WT recipients (>20 weeks old). At 28 days after transplantation, mice were subjected to laser-induced retinal injury, followed by analysis of CNV development.
Immunofluorescence staining and analysis. RPE-choroid complexes were prepared from WT mice as described above and blocked with 5% BSA/0.5% Triton X-100 (MilliporeSigma) in PBS for 1 hour, followed by staining with 10 μg/ml anti-BLT1 (clone 7A8; generated in-house) (93) and 5 μg/ml Alexa Fluor 647-labeled anti-F4/80 (clone BM8) mAbs (BioLegend). After washing with 0.1% Tween in PBS, tissues were incubated with HRP-labeled anti-mouse IgG (500-fold dilution) (Rockland Immunochemicals), followed by Tyramide-Alexa Fluor 488 (100-fold dilution) (Thermo Fisher Scientific). Nuclei were stained with DAPI (5 μg/ml; MilliporeSigma). Samples were visualized under a confocal microscope (A1R + ; Nikon).
Flow cytometry analysis. BMDMs and RAW264.7 cells were collected in PBS/2 mM EDTA (pH 7.4) containing 2% FCS (FACS buffer). Fc receptors were then blocked with an anti-CD16/32 (5 μg/ml; 2.4G2) Ab (Fc blocker). BMDMs were stained with anti-F4/80-FITC (5 μg/ml; clone BM8), anti-CD11b-allophycocyanin (APC) (2.5 μg/ml; clone M1/70), and biotin-labeled anti-mouse BLT1 (5 μg/ml; clone 7A8; generated in-house) Ab (93) or mouse IgG 1 (5 μg/ml; eBioscience) (as an isotype control). RAW264.7 cells were stained with anti-mouse BLT1 (5 μg/ml; clone 7A8), anti-PD-L2 (2.5 μg/ml; clone TY25), anti-CD80 (2.5 μg/ml; clone 16-10A1), or isotype controls for biotin-labeled anti-mouse Abs (eBioscience). After washing with PBS/ EDTA, cells were stained with R-phycoerythrin-conjugated (PE-conjugated) Streptavidin (0.5 μg/ml; eBioscience). THP-1 cells were collected in FACS buffer, blocked with human Fc blocker (Miltenyi Biotec) and stained with anti-human BLT1 (diluted 1:20; clone 203/14F11) (R&D Systems), anti-PD-L2 (5 μg/ml; clone 24F.10C12), anti-CD80 (10 μg/ml; clone 2D10), or an isotype control for PE-labeled anti-human Abs (Bio-Legend). Cells were analyzed in a flow cytometer (FACSCalibur or LSRFortessa; Becton Dickinson). Eyecups were collected from 4-6 laser-injured eyes as follows: (a) young (8-to 12-week-old) or aged (>20-week-old) WT mice or (b) CP105696-(20 pmol/eye) and DMSO-injected WT mice (> 20 weeks old), and ocular-infiltrating cells were isolated using Collagenase D (Roche Diagnostics) in RPMI 1640 as previously described (94) . Cells were then incubated with mouse Fc blocker, followed by staining with anti-CD45-FITC (2.5 μg/ml; clone
